| INTRODUCTION
There are an estimated 42 220 new cases of hepatocellular carcinoma (HCC) annually in the United States with an associated 5 year overall survival of less than 20%. 1 Partly due to the lack of new effective therapies, HCC mortality rates have increased nationally over the last several decades. 2 A paucity of systemic therapy options for advanced disease has been especially problematic. In 2008, Llovet et al, in a phase III randomized controlled trial (RCT), demonstrated the efficacy of sorafenib for the treatment of advanced HCC (HR 0.69; 95% CI, 0.55-0.87; P < 0.001).
Sorafenib is an oral multikinase inhibitor with activity against vascular endothelial growth factor (VEGF) signaling. 3 Elucidation of the importance of angiogenesis in driving HCC biology provided further rationale for testing of anti-VEGF therapies. 4 Siegel et al conducted a phase II trial of bevacizumab, a recombinant humanized monoclonal antibody against VEGF, for the treatment of nonmetastatic HCC. The objective response rate (ORR) was 13% and median progression free survival (PFS) was 6.9 months (95% CI, 6.5-9.1). 5 Subsequently, several phase II trials studied bevacizumab in combination with erlotinib, capecitabine or multi-agent chemotherapy and further demonstrated the potential of bevacizumab for the treatment of HCC. [6] [7] [8] To date, bevacizumab for the management of HCC has not been studied in the phase III setting. Prior to 2017, sorafenib was the only US Food and Drug Administration (FDA) approved agent for the treatment of advanced HCC. Given the lack of available systemic therapies prior to 2017 and based upon phase II results and medication availability, we utilized bevacizumab off-label as a second-line agent for the treatment of patients with advanced HCC who progressed on or were intolerant of sorafenib. Herein we report our experience treating advanced HCC with bevacizumab. Exclusion criteria included: treatment with bevacizumab for non-HCC malignancy. Outcome measures were defined as follows: overall survival (OS) was defined as time from start of bevacizumab to death; time to radiological progression (TTRP) was defined as the time from start of bevacizumab to progression on imaging as defined by mRECIST 10 ; disease control rate (DCR) was defined as the percentage of patients who had a best-response rating of complete response (CR), partial response (PR) or stable disease (SD) at any time point while on treatment with bevacizumab. OS and TTRP were calculated using Kaplan-Meier methodology in R. 11, 12 This study was approved by the institutional review board (IRB) at the Corporal Michael J. Crescenz VA Medical Center (Philadelphia, PA) with a waiver of informed consent.
| METHODS

| RESULTS
| Patients
Between August 8th, 2014 and July 24th, 2018, there were 12 patients with advanced HCC treated with bevacizumab. The patient characteristics were largely representative of the veteran liver cancer population ( Table 1 ). The median age of the patients was 62 years (range, 55-71) and all patients were male. The majority (66%) of the patients were black and the remaining patients were white. Chronic hepatitis C (HCV) was the major risk factor for the development of HCC. Of 
| Outcomes
The median overall survival was 20.2 months (range, 0.7-44.1). Five of the twelve patients remained alive at time of censoring with a median of 13.1 months of bevacizumab exposure. At the time of analysis 10 of the 12 patients had developed progression of disease by imaging or had died. Median time to radiologic progression was 10.4 months (range, 0.7-27.3) (Figure 1 ). At time of analysis one patient had ongoing partial response. Of the 12 patients treated with bevacizumab, three achieved PR (27%) and three demonstrated SD (27%). No patients had a CR. The DCR was 54% ( Table 2 ).
| Treatment compliance
The median duration of treatment with bevacizumab was 8.5 months (range, 0.5-42). The most common reason for discontinuation was progression of disease in 10 of the 12 patients. Two patients discontinued the treatment due to adverse events including transient ischemic attack in one patient and a combination of fatigue, anorexia, and nausea in a second patient. Bevacizumab was generally well tolerated in this cohort (Table 2 ). Bevacizumab dosing was at the treating physician's discretion. Four patients received 5 mg/ kg every 2 weeks, four patients received 7.5 mg/kg every 3 weeks, and the remaining four patients received 10 mg/kg every 2 weeks.
| DISCUSSION
In this single-institution retrospective case series, we describe our experience treating advanced HCC with bevacizumab. In this study of 12 patients treated with bevacizumab (5-10 mg/kg every 2-3 weeks), the median OS was 20.2 months and the time to radiologic progression was 10.4 months. Although the small study size and heterogeneous population limit definitive conclusions, the clinical benefit in this retrospective analysis was greater than expected based on historical phase II data. 5 The vast majority of patients were Child-Pugh class A with performance status of 0-1 at time of treatment, likely contributing to the excellent outcomes. However, all patients had advanced HCC (including eight patients with stage III or IV disease) and all had been heavily pretreated with a combination of local and systemic therapy prior to receiving bevacizumab. The majority of patients were HCV-infected suggesting bevacizumab is safe in HCC associated with viral hepatitis. Taken together, these findings provide rationale for the continued study of bevacizumab in the treatment of patients with advanced HCC. Prior to April 2017, sorafenib represented the only systemic agent FDA approved for the treatment of HCC. Subsequently, multiple advances have been made in the first and second-line setting. In 2017, regorafenib, an oral agent with action against VEGF signaling, obtained FDA approval for the treatment of patients with advanced HCC after progression on sorafenib. 13 In the first-line setting, FDA approval was recently obtained for the oral multikinase inhibitor lenvatinib after a phase III trial demonstrated noninferiority as compared to sorafenib. Lenvatinib has action against VEGF receptors 1-3, KIT, RET, FGFR, and PDGFR.
14 Additional agents targeting VEGF signaling are in development. Ramucirumab is a human monoclonal antibody against VEGF receptor 2. The phase III trial REACH-2 studied ramucirumab in patients with advanced HCC and AFP greater than 400 and showed significant improvement in OS as compared to placebo (HR 0.71; 95% CI, 0.53-0.94; P = 0.0199). 15 Cabozantinib is an oral multikinase inhibitor with activity against MET, AXL, and VEGF receptors 1-3. MET and AXL have been implicated in resistance to sorafenib. The phase III CELESTIAL trial demonstrated improvement in OS with cabozantinib as compared to placebo in the treatment of patients with advanced HCC patients who progressed on sorafenib (HR 0.76; 95% CI, 0.63-0.92; P = 0.005). 16 Given the discussed findings, the efficacy of VEGF signaling inhibition in HCC treatment has been established. However, no comparative trials between available agents have been performed. Bevacizumab in the phase II setting and in our study showed similar or better OS as compared to ramucirumab, cabozantinib, and regorafenib. In addition, the cost-effectiveness of bevacizumab has improved significantly with FDA approval of the first bevacizumab biosimilar. 17 Further study is needed to determine the safety and efficacy of combination therapy, appropriate sequencing of treatments, and pharmacoeconomic outcomes of different therapies.
Immunotherapy recently entered the treatment paradigm of advanced HCC. Nivolumab is a fully human monoclonal antibody against programmed cell death protein-1 (PD-1) that disrupts checkpoint-mediated inhibition of antitumor immunity. FDA approval has been obtained for use in the second-line setting. In the phase I/II CheckMate-040 study, nivolumab monotherapy demonstrated an ORR of 20% and a disease control rate of 64% with evidence of durable responses. 18 In our cohort, four patients were treated with nivolumab after progression on bevacizumab; outcomes were variable. Investigation of combination therapy with anti-VEGF treatment is ongoing. Our findings suggest that bevacizumab is potentially a viable therapeutic option for advanced HCC. Further prospective study is needed to determine the efficacy of bevacizumab in advanced HCC and how to best incorporate anti-VEGF therapy into treatment paradigms. Ongoing study of combination bevacizumab and checkpoint inhibition is of particular interest (NCT03382886, NCT02715531).
